To distinguish among genetic, neurohumoral, and hemodynamic explanations for structural and functional differences in the hearts of young spontaneously hypertensive rats (SHR) and Wistar-Kyoto (WKY) control rats, embryonic SHR and WKY rat heart tissue was cultured in the anterior eye chamber of adult SHR and WKY rats. In study 1, atria from E-L2 WKY rat embryos grafted into anterior eye chambers of either SHR or WKY host rats achieved a larger size than did SHR grafts by 8 weeks in oculo (2.98 ±0. 75 ; WKY rat hearts, 1.75±0J9 vs. 2 J 9 ± 0 J 2 mm 1 ). Ventricle grafts from SHR embryos into SHR host rats beat more rapidly (165 ±19 beats/min) during weekly measurements than either WKY rat ventricles (92±9 beats/min in SHR hosts and 99±9 beats/min in WKY host rats) or SHR ventricles grafted into WKY host rats (109±7 beats/min, p<0Ml).
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To distinguish among genetic, neurohumoral, and hemodynamic explanations for structural and functional differences in the hearts of young spontaneously hypertensive rats (SHR) and Wistar-Kyoto (WKY) control rats, embryonic SHR and WKY rat heart tissue was cultured in the anterior eye chamber of adult SHR and WKY rats. In study 1, atria from E-L2 WKY rat embryos grafted into anterior eye chambers of either SHR or WKY host rats achieved a larger size than did SHR grafts by 8 weeks in oculo (2.98 ±0.75 and 2.55 ±0.32 mm 2 vs. 1.80 ±0.20 and 2.04±0.44 mm 3 ). Beating rates did not differ between SHR and WKY rat atria implanted into SHR or WKY bost rats. In study 2, ventricles from E-13 embryonic SHR and WKY rat hearts grew to similar size and weight when implanted into SHR or WKY host rats (eg., SHR hearts, 1.81±0J2 vs. 1.74±0-33 mm 2 ; WKY rat hearts, 1.75±0J9 vs. 2 J 9 ± 0 J 2 mm 1 ). Ventricle grafts from SHR embryos into SHR host rats beat more rapidly (165 ±19 beats/min) during weekly measurements than either WKY rat ventricles (92±9 beats/min in SHR hosts and 99±9 beats/min in WKY host rats) or SHR ventricles grafted into WKY host rats (109±7 beats/min, p<0Ml).
In study 3, atria from E-13 SHR and WKY rat embryos were grafted into sympathectomized and intact eye chambers of SHR or WKY host rats. Sympathectomy of the eye chamber compromised growth of grafts into WKY host rats (1.54±0.24 vs. 0.90±0.14 mm 2 ) but not SHR hosts (1.54±0.25 vs. 1.73±0.24 mm 2 ). Grafts into sympathectomized eye chambers of WKY host rats beat more slowly than grafts into eye chambers with sympathetic innervatlon intact (282±14 vs. 202±14 beats/min); sympathectomy did not alter beating rate of grafts in SHR hosts (266±14 vs. 255±18 beats/min). These results suggest that the growth and beating rate of SHR atrial grafts may be less sensitive to sympathetic innervation than WKY rat atrial grafts. In these studies, SHR grafts did not grow larger than WKY heart grafts and did not show an increased intrinsic beating rate, suggesting that the cardiac hypertrophy and increased intrinsic beating rate observed in intact SHR are unlikely to result from direct genetic programming. (Hypertension 1990;15:247-256) T he predisposition to development of hypertension is manifested very early in rats of the spontaneously hypertensive rat (SHR) strain. Structural alterations in the heart and vasculature observed in young SHR may contribute to or may result from the increase in blood pressure. Blood pressure in SHR has been measured as early as 20 days of gestation and found to be elevated compared are neurohumoral influences and direct genetic programming of hypertrophy.
The developing SHR provides a different neurohumoral context for cardiac maturation than does the WKY rat. Sympathetic control of the heart matures earlier in SHR than in WKY rats 12 and is increased in SHR compared with WKY rats during the first 2 postnatal weeks. 13 Sympathetic contribution to blood pressure is also elevated in neonatal SHR. 6 Enhanced sympathetic stimulation in developing SHR may influence cardiac development and contribute to the hypertensive process.
The most convincing evidence for direct genetic programming of cardiac hypertrophy in SHR would be either appearance of structural alterations before pressure is elevated or demonstration that structural alterations are not reversed by manipulations of arterial pressure or neurohumoral factors. Although aortic and ventricular mass is already increased relative to body weight at 17 days of gestation in SHR, 57 little information is available regarding blood pressure during fetal development of the rat. Cutilletta and colleagues 14 found that postnatal sympathectomy maintained blood pressure of SHR within the normotensive range without altering the development of cardiac hypertrophy. Weiss and Lundgren 15 found that left ventricular hypertrophy in SHR was not reversed by antihypertensive treatments begun at 3 weeks of age even though blood pressure was maintained at nearly normotensive levels. Based on a genetic analysis of heart weight in SHR and other inbred rat strains, Tanase and colleagues 16 concluded that 65-75% of the variance in heart weight is genetically determined in SHR. Together, these data argue for genetically programmed hypertrophy of the heart and blood vessels in SHR.
The present study attempted to distinguish among direct genetic programming, neurohumoral factors, and increased hemodynamic load as explanations for structural and functional differences in the hearts of young SHR. The model system eliminated differences in hemodynamic load on growing SHR and WKY rat hearts and allowed control of genetic and neurohumoral influences on heart development. Specifically, embryonic SHR or WKY rat hearts were cultured in the anterior eye chamber of either an SHR or a WKY host rat. In the anterior eye chamber, embryonic heart tissue establishes pacemakerdriven beating 17 and differentiates into adult-like myocardial tissue by morphological criteria. 19 The eye chamber culture system also allows sympathetic innervation of the tissue to be prevented by surgical sympathectomy of the eye chamber before tissue is grafted. 18 By cross-grafting SHR and WKY rat hearts into hosts of either the same strain or the comparison strain, it was possible to test the hypothesis that increased heart growth and intrinsic beating rate observed in young SHR 13 is genetically programmed rather than due to the neurohumoral milieu of the host or to the hemodynamic load to which the heart is exposed in the intact fetus.
Methods

Study Design
In study 1, atria were dissected from SHR and WKY rat embryos on the 12th day of gestation. Hosts were SHR and WKY rat males. Atria from an SHR embryo were implanted into one anterior eye chamber and atria from a WKY rat embryo were implanted into the other eye chamber of each host. In study 2, ventricles were dissected from either SHR or WKY rat embryos on the 13th day of gestation and implanted into both eye chambers of either SHR or WKY host rats to determine whether growth and beating rate patterns identified in study 1 would be observed with ventricular grafts. In study 3, one anterior eye chamber of the SHR and WKY host rats was sympathetically denervated before grafting of heart tissue. Atria were dissected from either SHR or WKY rat embryos on the 13th day of gestation and implanted into both eye chambers of the SHR and WKY host rats. Thus, tissues grafted into the right and left eye chambers of each host were from the same strain and the variable of sympathetic innervation was manipulated within the host. In all studies, hearts from both male and female embryos were used.
Animals
Hearts were dissected from embryonic rats of the SHR or WKY rat strain. SHR and WKY rat breeding stocks were purchased from Taconic Farms, Inc. (Germantown, New York, IBU-3 colony) and mated in our laboratory. Day 0 of gestation was judged by the presence of a vaginal plug. Host rats were 5 -7-week-old male SHR and WKY rats from our colony (Taconic Farms, Inc., IBU-3 derived). At 18-20 weeks, the mean arterial pressure of a sample of host rats was 181+3 for SHR and 104±7 mm Hg for WKY rats. A 12-hour light/dark cycle was maintained throughout the study.
Sympathetic Denervation of the Anterior Eye Chamber
In study 3, one anterior eye chamber in each host rat was sympathetically denervated 3-7 days before heart tissue was grafted. Permanent sympathetic denervation was accomplished by removal of the ipsilateral superior cervical ganglion. 
Dissection and Implantation of Heart Tissue
Both uterine horns were removed aseptically from dams anesthetized with ether. Embryonic hearts were dissected in sterile Tris-Tyrode's solution (pH 7.40) at room temperature using an Aus Jena surgical microscope (Jena, DDR). Atria and ventricles were separated at the atrioventricular junction; the atrioventricular cushion region remained with the ventricle. A calibrated micrometer was used to measure the embryo crown-to-rump length and the dimensions of the longitudinal axis of the heart. Measurements from at least six embryos per litter were averaged, and between-strain comparisons were made with litter means as the unit of analysis. Implanted tissues were not weighed to avoid possible damage. In studies 1 and 3, atria were implanted into each eye chamber of SHR and WKY host rats. In study 2, ventricles from two hearts were implanted into each eye chamber. A pilot study with 45 Sprague-Dawley host rats indicated that two but not three ventricle grafts into a single eye chamber reliably remain separate as assessed by independent beating rates and visual inspection. Single atrial grafts were used in studies 1 and 3 to allow electrocardiogram (ECG) recordings to be obtained from chronically implanted electrodes.
Before grafting of heart tissue, host rats were anesthetized with chloral hydrate (3.5 mg/kg) and the pupil was dilated by topical application of tropicamide (1%) and atropine sulfate (1%) to the cornea. Heart tissue was drawn into a beveled pipette, gently injected into the anterior eye chamber, and positioned over the iris. Neosporin ophthalmic ointment was applied to the eye after surgery to prevent infection.
Measurement of Graft Growth
Surface dimensions were measured weekly to estimate graft size while hosts were anesthetized. (Ether anesthesia was used in study 1 and diazepam (7.5 mg/kg) in studies 2 and 3.) The product of the longest dimension of the graft and its width perpendicular to that axis was determined using a calibrated micrometer in the surgical microscope. In oculo, embryonic heart assumes a rounded shape, and two-dimensional measures underestimate growth. The correlation between surface dimension measurements and graft weight was 0.86 in a sample of 43 grafts (p<0.0001). After completion of the experimental protocol in experiment 3, all grafts were weighed.
Measurement of Beating Rate
Beating rate was counted during weekly size measurements and calculated from the time required for 20 sequential contractions.
In studies 1 and 3, chronic recording electrodes (0.003 in. Teflon-coated silver wire) were implanted after atrial grafts had been in oculo for 8-10 weeks. Electrocardiograms were recorded from in oculo grafts while hosts were awake and freely moving using procedures described by Tucker and Gist. 17 Briefly, two fine silver wires were tunneled through the conjunctiva and the bared tips secured by looping through the conjunctiva near the edge of the cornea on opposite sides of the beating atrial tissue. Before surgery, the wires were soldered to male Amphenol microconnectors (Chelsea Electronics, St. Louis, Missouri), which were then fixed in a spacing bar along with a subcutaneous catheter for drug injections. The spacing bar was anchored permanently to the rat's skull. Two additional leads were tunneled down the back to record host rat ECG. Neosporin ophthalmic ointment (Burroughs Wellcome Co., Research Triangle Park, North Carolina) was applied to the conjunctiva and under the eyelid after surgery to prevent infection.
Recordings were made the day after electrode implantation. Recording leads soldered to female Amphenol microconnectors (Chelsea Electronics) were attached to male connectors on the host. During electrode attachment, hosts were tranquilized briefly with ether in study 1 and with diazepam in study 3. Hosts were then placed into a light-shielded chamber in which they were allowed to move about freely. Signals were amplified and filtered using a Grass P511 (Grass Instr. Co., Quincy, Massachusetts) preamplifier and recorded on Beckman R511 dynograph (Beckman Instrs., Inc., Fullerton, California) using cardiotachometer couplers.
Measurement of Autonomic Controls and Intrinsic Beating Rate
A detailed description of the protocol is provided by Tucker and Gist. 17 After recording leads were attached, host rats were placed in a cage containing home cage shavings and allowed to adapt to the darkened test chamber for 30 minutes. After baseline beating rates were recorded, responses to the onset and offset of a 5-second light stimulus (40 foot candles) were recorded. Light onset produced a pronounced bradycardia (>150 beats/min) in grafts but not in the host heart rate. Light-induced bradycardia confirmed that electrograms were from grafts and not from the host heart. The light stimulus was repeated during subsequent pharmacological treatments.
Parasympathetic control of graft beating rate was assessed by administration of the muscarinic receptor blocker atropine methylnitrate (10 Mg/kg s.c; Sigma Chemical Co., St. Louis, Missouri) to the host rat. In the darkened test chamber, parasympathetic tone was expected to be low. Adequate muscarinic receptor blockade eliminated or substantially attenuated bradycardic response to light onset. Sympathetic control of graft beating was assessed by administration of the /3-adrenergic receptor blocker atenolol (1 mg/kg s.c; supplied by ICI Americas, Wilmington, Delaware) to the host rat. /3-Adrenergic receptor blockade eliminated the tachycardic response to the offset of the light stimulus. Intrinsic beating rate was estimated during combined muscarinic and £-adrenergic blockade.
Catecholamine Content of Atrial Grafts
In study 3, permanence of the denervations was confirmed by assay of catecholamine content of a sample of grafts. Host rats were killed by decapitation. Grafts were dissected into ice-cold saline, the iris was trimmed from around the graft, and the tissue was frozen on dry ice. After the grafts were weighed, they were placed in microfuge tubes and stored at -40° C. Catecholamines were assayed by high-performance liquid chromatography with electrochemical detection. •Data are mean±SEM. tSignificantly different from the other two strains (jxO.OS).
Data Analysis
Multivariate profile analysis was used to examine changes in growth and beating rate during the 8 weeks that measurements were collected. Univariate analyses of variance were used to determine the source of significant multivariate results. Baseline beating rates recorded from chronic recording electrodes and rate changes in response to light stimulus and in response to drug treatments were analyzed by analysis of variance. Post hoc comparisons were made with Newman-Keuls tests. Data are reported as mean±SEM, with the criterion for statistical significance set at/?<0.05.
Results
Size of Embryonic Rat Hearts
At 12-13 days gestation, the size of hearts from SHR and WKY rat embryos was not significantly different. Table 1 shows the heart size, crown-to-rump length, and the ratio of heart size to body length of SHR, WKY, and Sprague-Dawley rat embryos on days 12 and 13 of gestation. (Sprague-Dawley rat embryos dissected for other experiments were used for comparison with SHR and WKY rats.) The crownto-rump length of SHR embryos was significantly smaller than either WKY or Sprague-Dawley rat embryos (5.50+0.22 vs. 6.24±0.27 and 6.24+0.08 mm at 12 days gestation). In contrast, heart dimensions did not differ significantly among strains at either 12 or 13 days of gestation. The ratio of heart size to body length was smaller in WKY rat embryos than in either SHR or Sprague-Dawley rat embryos (F(2,30)=5.18, /?<0.02). Heart size-to-body length ratios remained unchanged between 12 and 13 days gestation. These measurements suggest that the heart size of SHR relative to body size may be increased compared with WKY rats even before completion of septation. In addition, these data suggest that the size of grafts from SHR and WKY rat hearts were approximately equivalent, with at least as much SHR tissue as WKY rat tissue being implanted.
Study 1: Atria Grafted Into Intact Eye Chambers
Growth and beating rate. Hearts from SHR and WKY rat embryos increased in size during the 8 weeks they were cultured in the anterior eye chamber (p<0.0001; see Figure 1 ). Profile analysis indicated that WKY rat grafts achieved a larger size than SHR grafts by 6 and 8 weeks in oculo [F(l,69)=4.40, p<0.05].
Beating rate of grafts did not change significantly during the 8 weeks of culture in the anterior eye chamber and did not differ among conditions (/»0.10; see Table 2 ).
Autonomic controls of beating rate. Autonomic controls of beating rate were assessed with hosts awake and adapted to a darkened chamber. These conditions created high sympathetic tone to the eye chamber and were reflected in the high average beating rate (306 beats/min). Baseline beating rate did not differ between SHR and WKY rat grafts into SHR and WKY host rats (p>0.10; see Figure 2 ). No significant change in heart rate was observed after treatment with methylatropine (10 tig/kg s.c), as would be expected given the low parasympathetic tone to the eye chamber during dark adaptation. Blockade of graft 0-adrenergic receptors by treatment of hosts with atenolol (1 mg/kg s.c.) produced a significant bradycardia [/"(2,50)=lll;p<0.0001] (see Figure 2 ). Bradycardic responses of grafts in SHR and WKY host rats did not differ, suggesting a similar degree of sympathetic tone to grafts in SHR and WKY rat eye chambers. Intrinsic beating rate was estimated after sequential methylatropine and atenolol treatment and did not differ between SHR and WKY rat hearts grafted into SHR and WKY host rats (Figure 2 ). Heart SHR 1.38±0.23 6 1.29+0. 27 13 Values are mean±SEM in milligrams. WKY, Wistar-Kyoto rats; SHR, spontaneously hypertensive rats; n, number of grafts studied.
GROWTH OF VENTRICLES » WKY HOSTS SHR HOSTS
WEEKS IN OCULO FIGURE 3. Line graphs snowing growth of ventricles from spontaneously hypertensive rat (SHR) or Wistar-Kyoto (WKY) rat embryos implanted into anterior eye chambers of either SHR or WKY host rats. Growth was not significantly different between conditions (n=75 -23 grafts/condition).
Host
Study 2: Ventricles Grafted Into Intact Eye Chambers
Growth and beating rate. As observed with atrial grafts, ventricular grafts approximately doubled thensurface dimensions between 2 and 8 weeks in oculo (see Figure 3 ). Profile analysis indicated that the overall pattern of growth was not altered by either graft strain or host strain (/?>0.10). As expected from the similar patterns of growth, the weight of grafts after removal from the anterior eye chamber did not differ among conditions (p>0.10) (see Table 3 ). Ventricle grafts dissected from SHR embryos and implanted into SHR host rats beat more rapidly during all weekly measurements than either ventricles from WKY rat embryos or ventricles from SHR embryos implanted into WKY host rats [F(l,52)=13.15, /><0.001] (Figure 4 ). Univariate analyses of variance confirmed that the beating rate of SHR ventricles implanted into SHR hosts was more rapid at 2,4,6, and 8 weeks in oculo (see Figure  4) . The more rapid beating was maintained through the final rate measurement taken after 10-12 weeks in oculo [F(l,56)=9.61,/?<0.005]. The beating rate of SHR ventricles implanted into WKY host rats did not differ from that of WKY rat ventricles at any time point studied. These data suggest that beating rate depends on an interaction between host strain and the genetic source of the tissue rather than depending only on the strain of the graft or the host. ). In SHR hosts, the growth of grafts into sympathectomized and intact eye chambers did not differ between 4 and 6 weeks.
The beating rate measured within 3 days after grafting did not differ between SHR and WKY rat atria (222 vs. 250 beats/min). Profile analysis of beating rates between 2 and 8 weeks in oculo indicated that grafts into sympathectomized eye chambers beat more slowly than grafts into eye chambers with sympathetic innervation intact [F(3,126)=3.93, /J=0.01] (see Table 4 ). Between 6 and 8 weeks in oculo, grafts into sympathetically denervated eye chambers of WKY host rats decreased their beating rate compared with rates observed in innervated eye chambers [F(l,126)=7.94, /><0.01]. In contrast, the beating rate of grafts into SHR hosts did not differ between innervated and denervated eye chambers.
Autonomic controls of beating rate. Beating rate and its autonomic controls did not differ among SHR and WKY rat implants into SHR or WKY host rats. Profile analysis indicated that while drug treatments altered heart rate [F(2,41)=7.82,p<0.01], responses did not differ among conditions (see Table 5 ). Discussion SHR grafts did not grow larger than WKY rat grafts; in fact, WKY rat atrial grafts grew larger than 265±25  234±15  226±16  234±8   263±21  211±16  284±27  253±19   261±15  240±25  266±16  254±11   213±65  193±17  167±20  196±22   228±26  194±14  211±18  205±22 WKY, Wistar-Kyoto rats; SHR, spontaneously hypertensive rats; n, number of grafts studied. 'Significantly different from superior cervical ganglion intact grafts in same condition.
SHR in study 1. Our data and the reports of others 7 indicate that, beginning in fetal life, relative cardiac mass is increased in intact SHR compared with WKY rats. A potentially critical difference between maturation in oculo and in situ is the absence of a physiological pressure load against which the developing heart beats in oculo. This suggests that an increased hemodynamic load may be necessary for the expression of cardiac hypertrophy in SHR. Data from the present studies provide little support for the hypothesis that cardiac hypertrophy in SHR is the result of direct genetic programming. The adequacy of the in oculo model to test hypotheses about origins of increased cardiac growth in SHR is predicated on the untested assumption that vascularization and innervation of grafts are equivalent in each combination of graft and host strain. If embryonic hearts grafted into SHR eye chambers were less well vascularized than in WKY rat eye chambers, growth would be inhibited. The developing heart is known to produce angiogenic and neurotrophic factors. 22 " 25 If hearts from SHR and WKY rat embryos are not equally potent sources of angiogenic or neurotrophic factors, then resultant differences in vascularization or innervation could influence graft growth. In the present study, capillary density and distribution of sympathetic and parasympathetic nerves in grafts were not quantified. Neither gross examination of grafts in situ or light microscopic examination of a sample of tissues revealed striking differences between conditions. However, it is possible that differences either in vascularization or innervation from SHR and WKY host rats or in SHR or WKY rat hearts may have influenced the pattern of growth observed. An additional assumption was that equal amounts of tissue were implanted from SHR and WKY rat embryos. Because the process of weighing embryonic tissue causes damage, it was not possible to directly measure the mass of tissue grafted into each eye chamber. Instead, the surface dimensions of each heart were measured, and a small sample of hearts from embryos of each strain were weighed; weighed hearts were not subsequently grafted into hosts. Heart weight data confirmed dimension measures indicating that the mass of hearts from SHR embryos was at least as large as those from WKY rat embryos at the time of implantation.
The anterior eye chamber was used previously by Abel and Hermsmeyer 26 to examine genetic and neurohumoral contributions to the increased vascular sensitivity to norepinephrine observed in SHR. They found that cross transplantation of caudal arteries from 2-week-old SHR and WKY rats resulted in interconversion of the resting membrane potential and norepinephrine sensitivity to that of the host strain; interconversion was not observed when sympathetic innervation of the graft was prevented by surgical denervation of the eye chamber. These data are in contrast to those from the present study in which neither host strain nor tissue source consistently influenced growth or beating rate. Renal cross transplantation between Dahl salt-sensitive and Dahl salt-resistant rats performed by Dahl and coworkers 27 ' 28 and by Morgan and Mark 29 indicates that genetic defects can be expressed after organ transplantation and supports the premise on which the present study was designed.
Although increased cardiac mass relative to body weight is observed in fetal SHR compared with WKY rats before birth, this often represents hearts of equal size and a lower body weight in SHR.
57 After transplantation into the anterior eye chamber, heart growth can no longer be expressed relative to body weight, precluding heart weight-to-body weight ratio as a measure of hypertrophy. Increased weight of the heart and kidney relative to body weight in newborn SHR compared with WKY rats was reported by Walter and Hamet. 30 Cardiac development of SHR and WKY rats during the proliferation, binucleation, and hypertrophic growth phases of the heart was examined by Clubb and colleagues 2 and by Engelmann and Gerrity. 31 Clubb and colleagues 2 observed heavier hearts in SHR than in WKY rats at birth, with the increased heart size due to greater cell number rather than larger cells. These data suggest accelerated cellular proliferation of the heart during the fetal period in SHR. By postnatal day 15, how-ever, Clubb and his colleagues estimated cell number to be equal in SHR and WKY rats. Myocyte binucleation developed earlier in SHR than in WKY rats. When adjusted for body weight, cell size was larger in SHR than in WKY rats. 2 Engelmann and Gerrity 31 also reported increased heart weight-to-body weight ratios in neonatal SHR (2 days old). They inferred that myocyte size was greater in SHR than WKY rats from their observation that the protein-to-DNA and the RNA-to-DNA ratios were both increased in SHR during the first postnatal week. They found no evidence of increased tritiated thymidine incorporation in SHR during either the proliferation or binucleation phases of heart growth. This result led them to conclude that the larger heart weight-to-body weight ratio in SHR was due to accelerated growth of a smaller population of myocytes. Tanase and colleagues 32 reported increased cell number and some cellular hypertrophy in hearts of 4-week-old SHR compared with WKY rats.
Early strain differences in the pattern of heart growth may be genetically determined or be secondary to hemodynamic load. Because Clubb and colleagues 2 observed higher blood pressure in SHR neonates during the first postnatal week, it is possible that increased hemodynamic load resulted in accelerated cell division and the increased myocyte size relative to body weight reported by Clubb and colleagues. 2 Engelmann and Gerrity 31 did not report blood pressures in neonatal rats from their population. In studies where postnatal blood pressure of SHR was controlled by sympathectomy or pharmacological treatment, 14 .
15
- 33 it is likely that the SHR heart was exposed to increased pressure load both in utero and until the sympathectomy became effective after birth. Thus, prior studies have not excluded increased pressure before birth as necessary for increased heart growth in SHR. The present study suggests that without exposure to increased hemodynamic loads, growth of hearts from SHR embryos may not differ from WKY rat embryos.
Both mechanical and neurohumoral factors have been demonstrated to stimulate myocyte growth. Growth of neonatal cardiac myocytes in culture is facilitated by contraction and attachment to a substrate. 3435 Marino and colleagues 34 reported that neonatal myocytes cultured in serum-free medium failed to grow when either attachment or contraction was prevented. McDermott and Morgan 35 demonstrated that contractile activity of cultured neonatal myocytes increased the capacity for protein synthesis via an increase in RNA synthesis, supporting a role for contractile activity in myocyte growth. In adult cat heart in situ, unloading of the right ventricular papillary muscle resulted in a substantial cellular atrophy and a decrease in protein content, both of which were reversed when the muscle was "reloaded" by repairing the cut. 36 In the absence of contraction, incubation with serum or catecholamines promotes growth of myocytes in culture. demonstrated that «-adrenergic receptor stimulation of cultured myocytes increased cell surface area, increased protein content, and promoted expression of the oncogene c-myc, suggesting that catecholamine stimulation during the hypertrophic phase of cardiac development may promote myocyte enlargement. In contrast, /3-adrenergic receptor stimulation of neonatal heart in situ inhibited the ongoing cell division 40 and could thus compromise final heart mass. Grafts into the anterior eye chamber are exposed to catecholamine stimulation from both circulating catecholamines and from ingrowing sympathetic nerves. During the first 2-3 weeks in oculo when hearts are in the hyperplastic phase of growth, 19 adrenergic stimulation may compromise growth by inhibiting cell division. Sympathetic denervation of the eye chamber inhibits graft growth, 17 due at least in part to smaller myocyte size in noninnervated grafts.
The finding that eye chamber sympathectomy compromises graft growth has now been repeated in both WKY and Sprague-Dawley host rats. 17 In SHR hosts, eye chamber sympathectomy did not alter graft development. Several findings suggest that SHR hosts provided a different milieu for the heart grafts than WKY host rats. SHR ventricle grafts beat faster in SHR hosts than in WKY host rats (Figure 4) . Prevention of sympathetic innervation did not affect beating rate or growth of atrial grafts in SHR hosts, whereas both parameters were altered by eye chamber denervation in WKY host rats (Figures 5 and 6 ). At least two factors argue against the possibility that tissue was less well innervated in SHR than in WKY host rats. First, catecholamine content of grafts into sympathetically innervated eye chambers of SHR hosts did not differ significantly from that of WKY host rats. Second, bradycardia in response to blockade of sympathetic excitatory stimulation was of equal magnitude in SHR and WKY host rats, suggesting that functional sympathetic control of beating rate did not differ between SHR and WKY host rats. As grafts do not pump against the host blood pressure, it is likely that the differences between SHR and WKY host rats are neurohumoral rather than a direct result of the increased blood pressure.
Based on our previous studies with intact SHR and WKY rats, 13 a higher estimated intrinsic heart rate was predicted in either SHR grafts or in grafts into SHR hosts. Intrinsic heart rate as estimated after autonomic blockade in the present studies did not differ between SHR and WKY host rats or grafts in either experiment 1 or 3. SHR and WKY rats used in our earner study were from National Institutes of Health stock maintained in the University of Iowa SHR and WKY rat colony. In a recent study, 41 we compared autonomic controls of heart rate and intrinsic rate estimates among SHR, WKY rats, and the Fl cross of SHR and WKY rats by using rats from the same Taconic Farms-derived colony that supplied rats for the present study. No strain differences in estimated intrinsic heart rate were observed in neonatal or weaning-age rats. Thus, the finding in the present study that graft beating rate after combined autonomic blockade did not differ between SHR and WKY rat grafts is consistent with our recent observations in intact SHR and WKY rats from Taconic Farms stock.
In summary, culture of atrial and ventricular tissue from embryonic SHR and WKY rat hearts in the anterior eye chamber of SHR and WKY host rats provided no evidence for genetically programmed hypertrophy of SHR myocardium. In addition, differences in neural and hormonal conditions provided by SHR and WKY host rats were not sufficient to cause differential growth of embryonic heart. In oculo, embryonic heart grows, differentiates into adult-like myocardium, and continues to beat.
"
19 A fundamental difference between maturation in oculo and in the intact rat, however, is the absence of hemodynamic load on grafted hearts. The present data are consistent with the hypothesis that exposure to increased pressure load during early development is necessary for expression of cardiac hypertrophy in the SHR.
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